A computer-based health literacy intervention for older adults was developed and assessed from September 2007 to June 2009. A total of 218 adults between the ages of 60-89 participated in the study at two public libraries. The four week-long curricula covered two National Institutes of Health (NIH) websites: NIHSeniorHealth.gov and MedlinePlus.gov. Computer and Web knowledge significantly improved from pre-to post-intervention (p b .01 in both cases). Computer attitudes significantly improved from pre-to post-intervention: Anxiety significantly decreased while interest and efficacy both increased (p b .001 in all three cases). Most participants found both sites easy to use and were able to find needed information on both. Information found on NIHSeniorHealth was significantly more useful than that on MedlinePlus (p b .05). Most participants (78%) reported that what they learned had affected their participation in their own health care. Participants had positive feedback on the intervention. These findings support the effectiveness and popularity of the intervention. By tapping into the well-established public library and NIH infrastructure, this intervention has great potential for scaling-up, and significant social and economic implications for a diverse range of communities and individuals.
Introduction
Health literacy is a relatively new concept; the term first appeared in the health care literature only 35 years ago (Simonds, 1974) . It was not until 1999 that definitions of this concept begun to emerge (American Medical Association, 1999) . The U.S. Department of Health and Human Services (2000) defines health literacy as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" (p. 11-20) . Building on this definition, and motivated by the widespread adoption of information and communication technologies (ICTs) in health care (Oh, Rizo, Enkin, & Jadad, 2005) , Norman and Skinner (2006b) promoted the concept of e-health literacy, or "the ability to seek, find, understand, and appraise health information from electronic sources and apply the knowledge gained to addressing or solving a health problem." E-health literacy is a critical issue for a rapidly aging population in an increasingly technology-driven society. While the vast majority of American adults have lower than proficient levels of health literacy, health illiteracy is even more severe among older adults who have the lowest level of health literacy among all adult age groups (Kutner, Greenberg, Jin, & Paulsen, 2006) . The Internet holds great potential for improving health literacy; however, older adults are at risk of being left further behind, since their adoption of the Internet still lags behind other age groups (Zickuhr, 2010) .
Problem statement
There is already extensive knowledge about the existence and prevalence of health illiteracy among the older population, and the impact of poor health literacy on health outcomes and health care costs (Institute of Medicine, 2004) . Little is known, however, about what interventions might be effective in improving older adults' access to and use of high quality health information on the Internet. This research aims to address this gap in the literature and is unique in its theory-driven approach, and explicit focus on developing and assessing the effectiveness of a public library-based e-health literacy intervention designed specifically for older adults aged 60 and above. These findings can generate valuable knowledge about what strategy, method, or approach may work for improving the health literacy of older adults. They can also help health care practitioners and educators implement effective e-health literacy interventions for older adults in an informal learning environment (e.g., public libraries). With improved health literacy, older adults are likely to experience improved health communication with medical professionals and improved decision-making in their own health care and, subsequently, improved health outcomes. Health care costs for the older population may be reduced as well, which will have broader impacts on individuals of all ages and society as a whole. 
Literature review
Despite the short history of the recognition and development of the health literacy concept, there is already extensive knowledge about the existence and prevalence of health illiteracy: A national survey showed that 36% of American adults over 18 had basic or below basic health literacy, 53% had intermediate health literacy, and only 12% had proficient health literacy; the health illiteracy problem is even more severe among older adults, as only 3% of Americans aged 65 and above had proficient health literacy (Kutner et al., 2006) . The impact of poor health literacy on health outcomes and health care costs has been well-documented (Institute of Medicine, 2004) . The main reasons for nationwide health illiteracy are also well known: lack of education, and medical professionals having high expectations of their patients' health literacy (Institute of Medicine, 2004) .
There is little knowledge, however, about effective interventions (i.e., what really works?) and implementation strategies (i.e., how to do it?) (Mika, Kelly, Price, Franquiz, & Villarreal, 2005) . There is even less knowledge about how different interventions might have different effects on individuals with varying characteristics (e.g., age). Older adults have a great need for interventions that can improve their health literacy, given that their needs for health information and services are typically high, and yet their health literacy levels are low. Interventions that target younger age groups (e.g., health education in formal educational settings) are unlikely to reach or have similar impact on older adults, because of age-related changes in their cognitive and physiological abilities, and in their social environments.
The increasing use of ICTs in health care presents both opportunities and challenges for developing and implementing effective health literacy interventions. Government agencies such as the National Institutes of Health (NIH) have increasingly put health information online, and the Internet has become an important source of this information (Bylund, Sabee, Imes, & Sanford, 2007; Fox, 2007; Huntington, Nicholas, Jamali, & Russell, 2007) . But individuals who have low health literacy, such as older adults, are likely to also have low Internet literacy, and thus may have difficulty making use of Internet health information (Fox, 2006; Jaeger & Xie, 2009; Kaiser Family Foundation, 2005; Xie, 2008a) . Further complicating the situation is that there is a wide variety of health information on the Internet, with varying degrees of quality, and this poses another major challenge, particularly for individuals who have low levels of e-health literacy (Childs, 2005; Kunst, Groot, & Latthe, 2002; Robins, Holmes, & Stansbury, 2010; Stvilia, Mon, & Yi, 2009) .
What effective interventions can help improve older adults' access to and use of high-quality health information? Multiple approaches have been examined and reported in the literature. Existing interventions focus predominantly on simplifying medical materials and instructions (Andrus & Roth, 2002; Parker & Kreps, 2005; Schaefer, 2008) . Along this line, consumer health informatics researchers have recently begun to explore how technology can be designed to make it easier for users to access and use high-quality health information (Alpay, Verhoef, Xie, Te'eni, & Zwetsloot-Schonk, 2009; Given, Ruecker, Simpson, Sadler, & Ruskin, 2007; Robins et al., 2010; Stvilia et al., 2009 ). These approaches can certainly help narrow the gap between expected and actual health literacy levels. Unfortunately, they can do so only to a certain degree, given the complexity of medical and technical information and its sometimes arcane terminology. Education and training that aim to raise actual health literacy levels are essential to help close the gap from the other side (Kickbusch, 2004) .
Developing an educational intervention for older adults requires, on the scientific level, a systematic understanding of the individual and social circumstances of the older population. There are considerable differences between younger and older adult learners. For instance, older adults tend to require more time to complete the training, and they do better when the training is built upon their existing knowledge base, and gradually increases in complexity (Belbin & Belbin, 1972; Glass, 1994; Hayslip & Kennelly, 1985; Sterns & Doverspike, 1987) . Older adults are more likely than younger learners to have a selfconcept of being responsible; they are considerably more experienced; they are more task-or problem-oriented; and they learn better when they perceive the training content as relevant (Knowles, 1990 ). An effective e-health literacy intervention for older adults needs to take these learning styles and preferences into consideration.
To be practical and scalable, an effective e-health literacy intervention also needs to integrate and make use of the existing public infrastructure. This may include the public library system, and the rich and reliable Internet health information resources developed by the NIH. By tapping into the well-established public infrastructure, an e-health literacy intervention can have great potential for scaling-up, as well as significant social and economic implications. This research reports the findings of such an intervention for older adults. These findings are from the first 2 years of the eHiLL research project (September 2007 to June 2009), which focused specifically on training older adults to use two particular NIH resources, NIHSeniorHealth.gov and MedlinePlus.gov, to access reliable Internet health information. Preliminary data from the September 2007 to July 2008 period were reported in Xie and Bugg (2009) .
Research questions and hypotheses
The overall research question (RQ) was:
• What are the effects of this intervention on improving older adults' e-health literacy?
Based on the definition of e-health literacy (Norman & Skinner, 2006b) , the effectiveness of this e-health literacy intervention was investigated at four levels. Level 1 included two components: First, basic knowledge about computers and the Web, as such basic knowledge is the foundation of more advanced use of the technology; and second, general computer attitudes including anxiety, interest, and efficacy, since prior research shows that computer anxiety is negatively associated with computer use and adoption, while interest and efficacy are positively associated with computer use and adoption (Czaja et al., 2006; Jay & Willis, 1992) .
The following research questions were asked:
• RQ1a: Is this intervention effective in improving older adults' general computer and Web knowledge? • RQ1b: Is this intervention effective in improving older adults' computer attitudes including anxiety, interest, and efficacy?
Level 2 focused on potential changes in "the ability to seek, find, understand, and appraise health information from electronic sources" (Norman & Skinner, 2006b ) as a result of the intervention. The curriculum used in the intervention covers NIHSeniorHealth.gov and MedlinePlus.gov, both are credible resources provided by the NIH. To date, however, there is no other known empirical research testing the use of either site by older adults. The following research question was thus asked:
• RQ2: Is this intervention effective in improving older adults' use of the NIHSeniorHealth.gov and MedlinePlus.gov sites?
Level 3 focused on using the health information gained "to addressing or solving a health problem" (Norman & Skinner, 2006b ):
To what extent do older adults use what they have learned from the intervention to find needed health information, and to use the information to guide their health decision-making?
Level 4 focused on participants' subjective evaluation of various aspects of the intervention:
• RQ4: What are older adults' perceptions of and satisfaction with this e-health literacy intervention?
Because this study was carefully designed to accommodate the learning needs and preferences of older adults, it was expected that it would be effective in a number of ways. Thus, the following hypotheses were tested:
• H1. Computer and Web knowledge increase significantly from preto post-intervention at the .05 level.
• H2. Computer anxiety decreases significantly from pre-to postintervention at the .05 level.
• H3. Computer interest and efficacy increase significantly from preto post-intervention at the .05 level.
Because NIHSeniorHealth.gov was specifically designed with careful consideration for older adults' cognitive, physical, and sensory abilities (Morrell, Dailey, & Rousseau, 2003) , while MedlinePlus.gov is a more general purpose tool, one would reasonably expect that the former would be more effective for older adults. Yet, to date there is no known empirical evidence regarding this comparison. Thus, the following hypotheses were tested:
• H4. NIHSeniorHealth.gov is more usable by older adults than Medline Plus.gov.
• H5. NIHSeniorHealth.gov is more useful to older adults than Medline Plus.gov.
Method

Research sites
The Hyattsville and New Carrollton Branch Libraries of the Prince George's County Memorial Library System were the research sites for this study. This publicly-funded library system serves more than 830,000 residents in Prince George's County, Maryland, and has 18 branch libraries. All the branches provide free, high-speed Internet and wireless access for public use. The Hyattsville and New Carrollton branches provided networked computers, space, and staff support to facilitate the implementation of this study. These libraries were selected as the research sites because both serve many members of ethnic minority groups, particularly African Americans, thus ensuring the impact of this e-health literacy intervention on these individuals. Another important reason for selecting these libraries is their convenient location to potential research participants in the community, and are easily accessible by car and public transportation.
Participants
Participants were recruited using standard recruiting techniques, including advertisements in the libraries' newsletter and local newspapers, and flyers posted in the libraries and local organizations, such as senior centers, community centers, and religious organizations. Wordof-mouth by participants was also effective. A total of 218 older adults between the ages of 60 and 89 (M = 70.0, SD = 8.7) participated in this study during September 2007 to June 2009. Most of the participants were women (61%), African Americans (62%), and had at least some college education (55%). A notable percentage of them had yearly household incomes of less than $20,000 (26%) and were non-native English speakers (8%). The demographic characteristics of the participants are summarized in Table 1 .
Forty-two percent of participants had no prior computer experience. Among the computer users, the majority had never or rarely used the Internet for health information, and few had used the NIHSeniorHealth. gov or MedlinePlus.gov site. Of 27 yes/no items measuring familiarity with computer/Internet terms that ranged from basic ones such as "keyboard" to more advanced ones like "URL," only one percent of participants were familiar with all 27 (Table 2).
Measures
The pre-training questionnaire measured demographics, computer/ Internet experience, and knowledge about computer/Internet. The posttraining questionnaire measured satisfaction with the training and changes in participation in one's own health care.
Both the pre-and post-training questionnaires included computer attitude measures: the 10-item Computer Anxiety Scale (Gressard & Loyd, 1986; Loyd & Gressard, 1984; Woodrow, 1991) and the efficacy and interest subscales (5 items in each subscale) of the Attitudes Toward Computers Questionnaire (Jay & Willis, 1992) . Participants were asked to indicate the degree to which they agreed or disagreed with 20 statements on a 5-point Likert-type scale that had anchors of strongly agree to strongly disagree. Sample statements included: "Computers do not scare me at all" (anxiety); "I know that if I worked hard to learn about computers, I could do well" (efficacy); and, "Learning about computers is a worthwhile and necessary subject" (interest). Objective measures of computer and Web knowledge tests were added for the period of September 2008 to June 2009. These measures involved knowledge about a total of 10 computer and Web page terms. For the computer components, an illustration of the computer and accessories was provided, and participants were asked to indicate which parts in the illustration are the computer, monitor, keyboard, mouse, and speakers. For the Web page components, a screenshot image of the NIHSeniorHealth.gov homepage was shown, and participants were asked to match parts of the image with the following terms: Link (or hyperlink); Back Arrow; Web Address or URL; Button; and Scroll Bar.
Instructional materials
The Helping Older Adults Search for Health Information Online: A Toolkit for Trainers tutorial (http://nihseniorhealth.gov/toolkit/toolkit.html) developed by the National Institute on Aging (NIA) of the NIH was used as the curriculum. The freely available Toolkit aims at improving older adults' ability to seek, find, and understand health information from NIHSeniorHealth and MedlinePlus, and to apply the knowledge gained to addressing or solving a health problem of personal interest. It includes detailed lesson plans, interactive in-class exercises, takehome practice exercises, and other supportive handouts (e.g., glossary of computer and Internet terms). The Toolkit has a total of nine modules: Modules 1 through 5 focus on NIHSeniorHealth, and Modules 6 through 8 on MedlinePlus. These eight modules were used in the intervention, with one class session covering one module. Module 9, which focuses specifically on improving the ability to appraise health information, was used in classes where participants had a higher level of computer literacy to begin with, and were able to get through the previous modules quickly. Together, these modules help cover the e-health literacy skills as defined by Norman and Skinner (2006b) . Lesson plans and goals of the Toolkit are summarized in Table 3 .
Procedure
In Session 1, participants first signed the consent form (approved by the Institutional Review Board of the University of Maryland) and then completed the pre-training questionnaire, which typically took no more than 20 min. The training began upon completion of the pre-training questionnaire. During the last 20 min of the last class session (Session 8), the post-training questionnaire was administered. Each training class met twice a week on Mondays/Wednesdays or Tuesdays/Thursdays, 2 h each, from 9:00-11:00 a.m.-the libraries are not open to the public until 10:00 a.m. and the class could get the first hour uninterrupted-for a total of four weeks, at each of the two library sites. Class size was small, with no more than seven trainees per class. The instructor, a graduate student in the Master of Library Science Program in the College of Information Studies at the University of Maryland, provided frequent, immediate, positive, and useful feedback when needed. Each trainee had one computer to work on during each class session. Hands-on practice was emphasized throughout the training, and handouts (e.g., in-class exercises, glossary of computer/ Internet terms) were provided for each class session. Table 4 is an outline of the class sessions, which were adapted from Van Fleet and Antell (2002) to reflect the specific design of this research. For more details about the procedure, see Xie and Bugg (2009) .
Findings
Computer and Web knowledge
For participants who completed the computer and Web knowledge tests at both the pre-and post-intervention data collection points, dependent t-tests indicated that both computer and Web knowledge significantly increased from pre-to post-intervention: Computer knowledge t(19) = − 3.10, p b .01 (pre = 3.40; post = 4.25); and Web knowledge t(14) = − 3.08, p b .01 (pre = 3.40; post = 4.87). H1 was supported.
6.2. Changes in computer anxiety, interest, and efficacy from pre-to postintervention Dependent t-tests indicated that computer anxiety significantly decreased from pre-to post-intervention, while computer interest and efficacy significantly increased: anxiety t(144) = 9.69, p b .001 (pre=2.38; post=1.96); interest t (145) Dependent t-tests detected a trend suggesting participants' ability to find needed information, and perception of ease of use of the site decreased from the NIHSeniorHealth.gov site to the MedlinePlus.gov sites. The differences were not significant, however; ability to find needed information: t(139)=−1.70 (NIHSeniorHealth=1.79; MedlinePlus= 1.90); and ease of use: t(144) = .97 (NIHSeniorHealth = 3.85; MedlinePlus = 3.81). H4 is not supported. There was significant difference in the perceived usefulness of information found on these two sites, however: t(143) = 2.420, p b .05 (NIHSeniorHealth = 4.47; MedlinePlus = 4.35). This supports H5.
Changes in participation in own health care
Most participants (78%) reported that what they learned from the training had affected their participation in their own health care in a number of ways (Table 7) .
Satisfaction with the intervention
Participants had overwhelmingly positive feedback on all aspects of the training, including the two-hour length of each session, twice-aweek class frequency, class size, handouts, and hands-on practice. The vast majority of participants reported "learning a lot", and all said they would recommend the class to age peers. The only constructive criticism was that the training was not long enough: More than two-thirds of the participants wished that the training had lasted longer than four weeks (Table 8 ). Such feedback demonstrates that there is great need for this type of intervention for these older adults, and that this program can effectively help meet this need. 
Other findings
Other findings shed light on issues related to developing and implementing effective and feasible e-health literacy interventions for older adults:
Expectations for and views of public libraries
The data suggested that public libraries that have not yet provided this type of service should do so (Table 9 ).
Willingness to serve as a volunteer instructor in the future
In the post-intervention questionnaire, participants were asked to indicate their willingness to serve as a volunteer instructor in the future. This was originally intended to provide an estimate for the sustainability of the intervention-if some older adults might become confident and comfortable with teaching their age peers about computers, then the training could continue without additional funding. As it turned out, this measure also provided another indication of participants' confidence in their current computer literacy (Table 10) .
Discussion
The findings of this study support the effectiveness of the intervention tested here, as evidenced in the following four ways: First, at a more foundational level of the e-health literacy concept, both knowledge about computers and the Web, and attitudes toward computers overall improved significantly from pre-to post-intervention, supporting H1, H2, and H3.
Second, the majority of participants were able to (always or most of the time) find needed information on both the NIHSeniorHealth. gov and MedlinePlus.gov sites. Most participants found these sites easy or very easy to use, and the information on the sites useful or very useful. These findings are striking, especially considering that most participants had limited prior experience with computers and the Internet, and few had ever used either the NIHSeniorHealth.gov or MedlinePlus.gov site prior to the intervention. Because NIHSenior Health was specifically designed for older adults (Morrell et al., 2003) , it was expected that it would be more usable and useful to older adults than MedlinePlus. The findings only partially supported this: There was no statistically significant difference between the usability of these two sites. Interestingly, though, there was a significant difference in the usefulness of the information found on these two sites. Although MedlinePlus is more comprehensive and has more information than NIHSeniorHealth, participants of this study reported that the information they found on NIHSeniorHealth was more useful than that on MedlinePlus. The disparity between these two indicators is worthy of further examination. One possible reason is that there were ceiling effects in older adults' reports of their use of the sites. It will be interesting to add task-oriented measures in future research to examine objectively if there might be any significant difference between the usability of these two sites. Also, a larger sample might reveal significant differences. Further research is needed to examine the generalizability and potential implications of these findings (e.g., when it comes to online health information for older adults, perhaps more information may not necessarily be better).
Third, the findings suggest that the intervention has affected how participants use the knowledge they've gained to play a more active role in their own health care. Since the start of participating in the study, a quarter of the participants had already discussed the information they'd learned at least once with their health care provider. Considering that the training lasted just four weeks, during which time many participants might not have had any doctor's appointment, it is likely that an even higher percentage of participants would use the information learned in the training to participate more actively in their own healthcare in the future. In fact, another 73% of participants indicated they did plan to talk with their physician, or probably would do so in the near future. These findings are particularly meaningful in the context of contemporary health care practice, which increasingly promotes shared medical decision-making. That is, the patient is expected to play a more active role in his or her own medical decision-making through, for instance, improved access to health information and communication with medical professionals (Xie, 2009) . Fourth, in terms of subjective evaluation of the intervention, the findings show participants were overwhelmingly positive about all aspects of the intervention. The only constructive criticism was that the training was not long enough: Most participants wanted the training to last longer than four weeks. These findings suggest that there is a great need for this type of intervention for these older adults, and that this intervention can effectively help meet this need.
These positive findings can be attributed to the careful design and selection of various aspects of the intervention. General adult learning theories (Knowles, 1990) and empirical research on older adults' computer learning (Czaja et al., 2006; Selwyn, 2004) suggest that personal relevance or perceived usefulness is a key predictor of older adults' learning outcomes. Health information was deliberately selected as the specific content area of the computer training, as part of an explicit effort to increase the perceived usefulness of computer technology. Only NIH-developed online health information resources were used in the study, in order to avoid potential problems associated with the quality of online health information (Childs, 2005; Kunst et al., 2002; Robins et al., 2010; Stvilia et al., 2009) .
Research on older adults' computer learning shows that actively engaging trainees in the learning process through hands-on practice, self-directed learning, or discovery-oriented/problem-solving exercise is more effective than conventional learning that relies primarily on lecturing (Charness, Schumann, & Boritz, 1992; Cody, Dunn, Hoppin, & Wendt, 1999; Czaja & Drury, 1981; Gist, Rosen, & Schwoerer, 1988; Jay & Willis, 1992; Mayhorn, Stronge, McLaughlin, & Rogers, 2004) . Thus, active learning was promoted in the intervention described here. Further, the NIA Toolkit was chosen because it has a number of features that are conducive to promoting computer self-efficacy and reducing computer anxiety, as recommended in the literature. These include the use of lessons that build upon previous lessons and gradually increase in complexity, thus allowing for gradual expansion of knowledge and skills (Jay & Willis, 1992) . Additionally, participants learn to use NIHSeniorHealth, which was designed with careful consideration for older adults' cognitive, physical, and sensory abilities (Morrell et al., 2003) . Teaching older adults to begin their health information searches with this site ensures that they can experience at least some level of success at the initial stage of the training, which is another important factor that can promote computer self-efficacy and reduce computer anxiety (Cody et al., 1999; Czaja et al., 2006; Mayhorn et al., 2004) .
This study also revealed interesting findings about participants' expectations of public libraries, and their views of them. While 73% did not expect public libraries to be providing this type of program, when asked if public libraries should do so, all participants said, yes, public libraries should. In the past, however, few were able to get this type of training from a public library. After taking a computer class at a public library, nearly all participants developed more positive views of public libraries. These findings stress the importance of using public libraries as sites for providing e-health literacy interventions. While the older population as a whole is at risk of being left behind in the ICT age, this risk is even more pronounced among disadvantaged older adults (Fox, 2004) . Public libraries are ideal places to provide free or low-cost services for disadvantaged communities, social groups, and individuals (Xie & Jaeger, 2008a) . By tapping into the wellestablished public library infrastructure, this intervention has great potential for scaling-up, and significant social and economic implications for a diverse range of communities and individuals.
Only 14% of participants were willing to serve as volunteer instructors in future classes to help improve their age peers' e-health literacy. Nearly 40% of participants felt they would need more training first before they could feel confident helping others. More than 30% felt they would never be knowledgeable enough to be a peer instructor. When looking at these findings in the context of the study participants' prior computer experience (42% had no prior computer experience), it is not a total surprise that only a small percentage of these older adults were willing to be peer instructors. These findings, however, do suggest the need for additional training for these older adults if peer-training is to be included in an e-health literacy intervention for older adults.
Health literacy is relatively new and rapidly growing. The scientific significance and practical implications behind this concept have recently drawn a tremendous amount of attention from a vast diversity of disciplines and fields. In reviewing the literature, however, it has become clear that the field of information science has not yet played a significant role in advancing scientific knowledge about health literacy, or contributing to setting the agenda in pursuing such knowledge. This is surprising, given that the information science focuses on information, and the core of health literacy is also information (e.g., as defined by the U.S. Department of Health and Human Services, 2000) .
The widespread adoption of ICTs in health care calls for active participation and leadership by information science researchers and educators in advancing scientific knowledge about health literacy. With information scientists striving to understand and promote the use of ICTs by everyone, adding a specific focus on health information would be an ideal approach to test existing information theories and practices in the health care domain. The e-health literacy concept aligns well with the scope and mission of the field of information science. Thus, an important goal of the present paper is to raise awareness of the health literacy concept, and particularly the concept of e-health literacy, among information scientists. Together, the information science field can put a stamp onto the emerging and important area of health literacy, as well as take advantage of funding from federal agencies like the National Library of Medicine of the NIH.
The health literacy and particularly the e-health literacy conceptualization works well for the older population, since older adults have not only low health literacy but also low computer literacy. This new conceptualization allows information researchers and practitioners to target both types of literacy at once by promoting the personal relevance of computer learning, a factor proven to be predictive of technology adoption (Czaja et al., 2006; Selwyn, 2004) .
This study has some limitations. It was unable to control for an important factor that might have affected the training outcomes: the instructors. During the course of this study, 13 different graduate students served as instructors for the training classes, through a variety of mechanisms: as part-time research assistants, getting course credits, or simply volunteering. While these students' enthusiasm speaks for the sustainability of the training program, from the point of view of an experimental study, individual differences among these instructors (e.g., personality, teaching style, experience, time commitment, and incentive) likely introduced unnecessary confounding variation into the study. Providing full-time support for instructors may be the best approach to reducing instructor turnover.
While objective measures of computer and Web knowledge were added during the second year of this study, no objective tests of general computer and Web skills, or specific online health information searching skills were conducted. Additional specific measures of e-health literacy can be added in future research (e.g., the e-health literacy scale that follow-up study was conducted to assess if and how the impact of this e-health literacy intervention lasts beyond the training period. These issues will be addressed in future research. Further, the sample of this study was likely a nonrepresentative sample, as the sample was a convenience sample. Participants were self-selected, willing, and able to go to a public library regularly to attend the computer training sessions, suggesting these older adults are active, mobile, healthy, and interested in learning. Thus, the findings of this study should not be generalized without caution, although it is worth noting that while this sample may not be representative of the overall older population, nonetheless it might be a good reflection of the older adults that a public library computer training program would typically attract.
This study identified important issues worthy of further examination. Informal feedback from some participants suggests that the differences in individuals' prior computer experience might have at least partly affected the learning experience and outcomes. Some more experienced users got frustrated and felt they were not making the best use of their time when the instructor had to stop frequently to help new users to keep up with the most basic procedures (e.g., move the mouse). The opposite happened as well: New users sometimes became embarrassed and frustrated, and even intimidated by more experienced users. Thus, there were a number of cases where a participant-experienced or new user-said to the instructor at the end of an early session "I don't think this is the right class for me" and never came back. This observation lends support for other researchers' recommendation that it may be necessary to separate older adult computer learners into different classes based on their prior computer experience (Mayhorn et al., 2004) .
Interestingly, informal observation in a few classes with mixed levels of prior computer experience also revealed that more experienced users voluntarily started helping new users during the session. The attrition rate tended to be low in those classes, and participants, experienced or new users, were satisfied with the training experience. These findings echo prior research on older computer learners that suggest potential relationship between social interactions in computer classes and the learning process and outcomes (Xie, 2007 (Xie, , 2008b (Xie, , 2008c . Because this study focused on only one intervention with no comparison group, it was not possible to go beyond these informal observations to scientifically examine whether there were statistically significant differences in learning outcomes. In addition, since the vast majority of participants in this study reported overwhelmingly positive feelings about the training (ceiling effects), it was not possible to determine whether those who engaged more in peer interaction and learning had more positive subjective feelings about the intervention than those who did not. These issues are addressed in more recent eHiLL research projects examining different learning methods (Xie, 2011a (Xie, , 2011b (Xie, , 2011c .
Conclusion
Results of the pre-and post-intervention testing provide support for the effectiveness of this e-health literacy intervention in four ways: First, at a foundational level of the e-health literacy concept, knowledge about computers and the Web and attitudes toward computers improved significantly from pre-to post-intervention. Second, while most participants had limited prior experience with computers and the Internet, and few had ever used either NIHSeniorHealth.gov and MedlinePlus.gov prior to participating in this study, after taking part in the four-week intervention, most of them reported that they found the NIHSeniorHealth.gov and MedlinePlus.gov websites both useable and useful. Third, the findings suggest that the intervention has affected how participants used the knowledge gained to play a more active role in their own health care. Finally, in terms of subjective evaluation of the intervention, the findings show that participants were overwhelmingly positive about all aspects of the intervention. This supporting evidence suggests that there is a great need for this type of e-health literacy intervention for older adults, and this intervention can effectively help meet this need.
The growing literature on lifelong learning has reached a consensus that learning is important for the well-being of older adults (BoultonLewis, Buys, & Lovie-Kitchin, 2006; Dench & Regan, 2000; Duay & Bryan, 2006; Purdie & Boulton-Lewis, 2003; Schneider, 2003; World Health Organization, 2002; Xie, 2006; Xie & Jaeger, 2008b) . Improving health literacy requires an understanding of health literacy as an active, lifelong learning process that goes beyond formal educational settings in early life stages and features continuous learning of new, valid information, and unlearning of outdated, harmful information (Kickbusch, 2004) . Such an understanding is especially important in the context of ICTs being increasingly used by health consumers, professionals, and policy makers alike in health care (Institute of Medicine, 2009; Oh et al., 2005) . As Norman (2009) points out, as technology changes, so do the requirements for health literacy skills.
This intervention provided opportunities to facilitate older adults' lifelong learning, focusing on health information and technology. It involved seamless integration and optimal use of existing public library infrastructure and NIH online resources. Conducting the experiments in a naturalistic setting familiar to older adults (i.e., public libraries in their own community) has obvious advantages, including increasing participation, which makes the intervention more readily transferable than those generated in a research laboratory. Using the health information resource maintained by the NIH ensures the quality of information. By tapping into these well-established public infrastructure and resources, this e-health literacy intervention has great potential for scaling-up, and significant social and economic implications (e.g., it can be easily rolled out to older adults across the country to improve their e-health literacy). By focusing the content of learning on e-health literacy knowledge and skills, this study broadens current understanding of the health literacy concept, and interventions to address the increasing importance of technology in health care. By developing and testing the effectiveness of an e-health literacy intervention, this research helps shape this newly emerging component of health literacy that has increasing significance in contemporary health care.
